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@ Production of bsta-hydroxybutyrate polymers. 

@ Production of £-hydroxybutyrate polymers (PHB) by mi- 
crobial cultivation wherein at least part of the carbon source is 
derived from cell material obtained by separation of PHB from 
PHB-contalning micro-organism cells: I.e. the non-PHB call 
material is re-uaad as the carbon source. 
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Production of jB-hydrojcdm lryrate polymers 

This invention relates to the production of £-hydroxy- 
butyxate polymers. Poly Q^-hy droxybutyrat e ) is a thermoplaetio 
polyester consisting of tbe repeat xoaits -CH(CHj) .CH^.CO.O- idaioh 
5 is accumulated "by many micro-organisms, particularly bacteria, as 
granules wi thin the micro-organism cells as an energy reserve 
material. 

She polymer is conveniently prepared by aerobically 
cultivating the micro-organism in an aqueojis medium on a suitable 

10 substrate, i.e. a source of energy and carbon* In order to 

promote accumulation of the polymer, at least part of the cultiv- 
ation is preferably conducted under conditions wherein there is a 
limitation of a nutrient that is essential for growth, i.e. re- 
production, of the micro-organism but whi ch is not required for 

15 polymer accumulation. Examples of suitable processes are des- 
cribed in EP-A-15669 and 46544* 

Polymers containing both, ^-hydroxybutyrate units and 
other hydroxy-carboxylate units, such as £-by droxyval erat e units, 
can also be produced microbiologioally. Efaus, as described In 

20 EP-A-52459 and 69497, various copolymers can be produced by cultiv- 
ating the micro-organism on certain substrates, such as propionic 
acid which gives rise to p-hydroxyvalerate units in the copolymer. 

In the following description, by the term PHB, we mean 
not only J-hydroxybutyrate homopolymer but also such copolymers 

25 in which, £-faydroxybutyrate units form at least 40, preferably 
at least 80, mole % of the polymer chain. 
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The carbon and energy sources that may be used depend 
on the nature or the micro-organism: thus autotrophic micro- 
organisms can utilise carbon dioxide as the carbon source, obtain- 
ing their energy by the oxidation of hydrogen, sulphur compounds, 
5 nitrogen compounds, or iron compounds o Aloaligenes eutro-phus is 
an example of ah autotroph that can utilise carbon dioxide and 
hydrogen. Heterotrophs require organ 1 o substances as the carbon 
and energy sources. Examples of such organic substrates include 
aliphatic alcohols such as methanol; organic acids or salts 

10 thereof e.g. formates, acetates , oxalates , pyruvates, glyoxylates, 
gly collates; and carbohydrates such as fructose and glucose. 
Autotrophs may also be able to grow net erotrophically , e.g. an a 
carbohydrate substrate. Of course the substrate selected must be 
one that the micro-organism can uses thus -while a certain micro- 

15 organism may be able to utilise fructose, it may not be able to 
utilise methanol or glucose. 

The cost of the substrate is a significant factor in 
the overall cost of the production of PHB. Hence it is desirable 
to increase the yield of FEB fr om a given amount of substrate. 

20 While the amount of PHB that can be synthesis ed by the 

micro-organisms may, in certain oases, be as much as 6096 or more 
by weight of the total biomass, a significant proportion of the 
substrate is used to produce cell material other than PHB. This 
nan-PHB cell material (hereinafter termed HPCM) represents, in 

25 PHB production, a by-prodnot of relatively little value. While 
it may, in some oases, be used as an animal feedstuff supplement, 
it often does not have a sufficiently high protein content to be 
commercially competitive with conventional feedstuff supplement a 
such as soya, especially when the costs involved in obtaining the 

30 necessary toxicity clearances for use as a feedstuff axe taken into 
account. 

Ve have found that at least some of the BPCW may be used 
to supplement the substrate used for cultivation of the micro- 
organism. 

35 Accordingly we provide a procesB for the production of 
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PHB comprising cultivating a mioro-organism that ia capable of 
accumulating PHB in an aqueous medium on an assimilable substrate, 
at least part of the cultivation being conducted under conditions 
that cause said micro-organism to accumulate EBB within the micro- 
5 or gani sm cells, and then separating the PHB from the HPCM 

characterised in that the carbon of at least part of the assimil- 
able carbon source comprises carbon from HPGM separated from the 
PHB of PHB-oontaining cells of said mioro-organisfc. 

By using KPGM as a source of substrate carbon the amount 
10 of fresh substrate required to produce a given amount of PHB is 
reduoeda hence the raw material costs axe effectively reduced. 
Furthermore since the HPGM may also contain various other nutrient 
materials, e.g. assimilable sources of elements such as nitrogen, 
phosphorus, sulphur, magnesium and other metals, the amounts of 
15 such nutrients that need to be supplied to the mioro-organism 
along with the substrate may also be reduced* 

Taxless the cultivation is conducted on a considerably 
smaller scale than that used to produce the HPGM that is re-used, 
it will be necessary to supplement the re-used NPCtt with fresh 
20 assimilable substrate. Supplementation of the substrate will also 
be necessary where a particular substrate, e.g. certain organic 
acids or derivatives thereof, are required to produce copolymers. 
Preferably the cultivations are performed on the same scale e.g. 
by recycling to the cultivation vessel SPCM recovered by separation 
25 of the PHB therefrom. In this case the amount of HPCM that is re- 
used is preferably such that the carbon content of the UPCM re-used 
forms between 5 and 50# by weight of the total carbon required in 
the assimilable carbon substrate. 

The maximum proportion of HPCM that can be re-oycled 
30 will depend on, inter alia, the proportion of PHB accumulated by 
the micro-organism and the efficiency of the conversion of the 
carbon in the substrate (i.e. re-used NPCM plus fresh substrate) 
to PHB and to KPCM. 

For example 100 g of substrate carbon gives, at 50J6 
35 carbon conversion of substrate carbon to both PHB carbon and 23PCM 
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carbon, 50 g of biomass carbon, of which, at a cell FEB content 
of 70)6 by weight, about 37 g will be PHB carbon and about 13 g 
HPCM carbon. If 7096 by weight of this 13 g of NPCM carbon, i.e. 
about 9 ffi is re-used, the amount of re-used carbon is about Jfa 
5 of the total substrate carbon required* Thus the amount of fresh 
substrate carbon required is about 91 g. Slnoe this 91 g of 
fresh substrate carbon, together with the 9 g of re wised NPCM 
carbon, gives about 37 g of PHB carbon, the overall carbon con- 
version of fresh substrate to PHB is about 4196. In contrast if 

10 no HPCM were to be re-used, the overall carbon conversion of 

fresh substrate (100 g* carbon) to PHB (37 g carbon) would only be 
37%* Expressed another way, using glucose as an example of the 
substrate, an overall oarbon conversion to PHB homopolymer of 4196 
means, that about 3.43 kg of glucose is required to produce 1 kg 

15 of PHB homopolymer, while, at a carbon conversion of 3796, about 
3.77 leg of glucose is required: hence an increase in oarbon con* 
version from 37 to 41# results in a substrate saving of about 9# 
by weigxt. 

Likewise, if the PHB content of the cells is about 50% 
20 by weight, at 50% oarbon conversion of substrate oarbon to both 
PHB carbon and to HPCM carbon, 100 g of substrate oarbon gives 
about 27 g of PHB oarbon and about 23 g of HPCM carbon. If all 
of this HPCM carbon is recovered and re-used, the amount of re- 
used HPCM carbon is 23% by weight of the total substrate carbon 
25 required. {This corresponds to an overall carbon conversion of 
fresh substrate carbon to PHB oarbon of about 35%i in this oase, 
with no re-use of the HPCM, the carbon conversion to PHB is about 
27%. 

If a mixture of the recovered HPCM and fresh substrate 
30 is fed to the ferment er, the micro-organism may tend to utilise 
the fresh substrate in preference to metabolising the recovered 
HPCM. While it may be possible in some cases to overcome this 
problem by feeding only the recovered HPCM to the f ermenter 
initially, and introducing the fresh substrate only when the 
35 recovered HPCM has been utilised, we prefer to treat the HPCM 
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bo that it is solubilised to render it more readily assimilable 
by the micro-organism before it is re-used. Ibis may be effected 
by subject ins the HPCM to solubilisation, e.g. by hydrolysis, be- 
fore re-use. 

5 Hydrolysis of the HPCM may be effected enzymatically, 

for example as part of the PHB extraction process* thus the PEB 
may be extracted by digesting the micro-organism cells, with a 
proteolytic enzyme composition, and optionally a lipid solubilis- 
ing enzyme composition, and then separating the solubilised HPCM 
10 from the PHB. Alternatively, where the PHB is extracted from the 
micro-organism cells by other routes, e.g. solvent extraction, the 
residual HPCM may be hydrolysed by heating the HPCM suspended in 
an aqueous medium," preferably at 50 to 150°C. Indeed such a 
heating step may be desirable where the HPCM has first been 
15 solubilised enzymatically. a heat treatment stage the 

hydrolysis is preferably effected at a pH removed from the iso- 
electric point of the HPCM in order to obtain an aooeptable 
hydrolysis rate. After hydrolysis the solubilised HPCM should 
be neutralised, if necessary, before re-use as assimilable carbon 
20 source. While acidic hydrolysis conditions have proved to give 
satisfactory hydrolysis, alkaline hydrolysis may be preferable to 
reduce the amount of nitrogen in the HPCM volatilised as ammonia. 
In particular the aqueous medium preferably contains 1 to 10)6 by 
weight of an alkali such as sodium hydroxide. The aqueous sus- 
25 pension of the HPCM preferably contains 1 to 10% by weight of the 
HPCM. 

Some of the HPCM may be more resistant to solubilisation 
than the rest. Thus where the separation of the PHB from the HPCM 
is effected by solubilisation of HPCM, it may not be economic or 

30 possible, to solubilise all of the HPCM enzymatically. Thus most 
of the HPCM may be solubilised enzymatically, leaving a residue 
comprising the PHB and some residual HPCM. Other solubilisation 
techniques, e.g. digestion with a surfactant, may be adopted to 
solubilise the residual HPCM. Alternatively, or additionally, the 

35 PHB may be separated from the residual HPCM by solvent extraction 
of the PHB. 
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It is preferred that surfactant solubilised HPCM is 
not re-used as part of the substrate since the surfactant is 
liable to interfere with the fermentation. 

Likewise, where the NPGM is separated from the FEB by 
5 solvent extra ction of the PHB, again it may not be economic to 
solubilise all the recovered HPCM. 

It is preferred that the amount of solubilised HPCM 
that is re-used corresponds to at least 50, particularly 60 - 85, 
% by weight of the HPCM present in the micro-organism cells prior 
10 to separation of the PHB. 

The micro-organism may be batch cultured. Under batch 
culture conditions, the micro-organism will grow, with little or 
no PHB accumulation, until one or more of the nutrients required 
for growth becomes exhausted, and then the micro-organism synthesis 
15 PHB." Since the re-used HPCM, e.g. a hydrolysate, will often can- 
tain a significant amount of the essential requirements for growth, 
it is preferred to use the recovered HPCM as part or all of the 
initial substrate feed to the batch f exmenter and to add only fresh 
substrate dozing the PHB accumulation stage. 
20 Alternatively the micro-organisms may be cultured 

continuously. 

With some micro-organisms PHB may also be accumulated 
while growth of the micro-organism is taking place: however the 
amount of PHB so accumulated is generally gm*n and typically is 

25 less than about 10% by weight of the cells produced. It is there- 
fore preferred, in order to avoid the necessity for recycling 
large amounts of the recovered HPCM for efficient substrate usage, 
to conduct the continuous fermentation under conditions such that 
the micro-organism accumulates PHB to an extent of at least 25, 

30 preferably at least 50, % by weigixt based on the total cell weight. 
As Indicated hereinbefore, a high PHB content also tends to give 
a higher overall conversion of fresh substrate carbon to PHB carbon. 
Also a high PHB content is desirable as this renders the subsequent 
separation of the PHB from HPCM more facile. The requisite PHB 

35 content may be achieved by conducting the ferment at ion under 
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conditions of limitation of one or more of the essential nutrients 
required for growth but not for FEB accumulation. 

The continuous fermentation may be conducted in two 
stages: the micro-organism is grown in one fermentation vessel 
5 and then aqueous medium containing the micro-organism oells is 
continuously, or intermittently, transferred from the first vessel 
to a second fermentation vessel to which more substrate is supplied 
so that PHB ao cumulation occurs but little or no growth takes place. 
In such a two stage process the amount of the limiting nutrient 
10 required for growth present in the second stage should be small 
and preferably is only that, if any, present in the aqueous medium 
transferred to the seoond fomentation vessel from the first 
fermentation vessel. 

In some cases it may be desirable to operate suoh a two 
15 stage continuous process such that the amount of limiting nutrient 
required for growth fed to the first fermentation vessel is suoh 
that PHB is accumulated, in the first stage, to an extent of at 
least 2996 by weight, based on the total -weight of the oells pro- 
duced in the first vessel, m other cases it may be preferable 
20 to operate the first stage under carbon limitation so that virtually 
no PHB is accumulated by the micro-organism in the first stage. 

In addition to the substrate and oxygen (which is generally 
supplied by injecting air into the aqueous medium in the ferment er) , 
various nutrient salts are required to enable the micro-organism 
25 to grow. Thus sources of the following elements in assimilable 
form, normally as water soluble salts, are generally required: 
nitrogen, phosphorus, sulphur, potassium, sodium, magnesium, 
calcium, and iron, together with traces of elements such as 
manganese, zinc and copper. While it may be possible to induce 
50 PHB accumulation by restricting the supply of oxygen to the fermenter, 
it iB preferred to restrict the amount of one or more of the nutrient 
salts. The most practical elements to limit are nitrogen, phosphorus, 
sulphur or, less preferably, magnesium. Of these it is most prefer- 
red to restrict the amount of nitrogen (which is conveniently 
35 supplied as an ammonium salt) or phosphorus. The amount of 
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assimilable nitrogen required varies from micro-organism to micro- 
organism "but generally is within the range 8 - 1596 by weight of 
the HPCM produced. 

Tho recovered HPGM used as part of the substrate -will 
5 gene rally contain some of the limiting nutrient, e.g. assimilable 
nitrogen, and so, when operating a continuous two stage fermentation 
process, the recovered HPCM is preferably used only In the first 
stage, even then generally only as part of the first stage sub- 
strate, and only fresh substrate is fed to the second stage ferment- 
10 ation vessel. Where a continuous two stage process is operated, 
the carbon* of the rebovered HPCW preferably represents 40 tc QO)6 
by weight of the carbon required in the first, stage, particularly 
where the first stage is conducted under carbon limitation 
conditions* 

15 The proportion of PHB accumulated in the cells depends, 

inter alia, on the average residence time of the medium contain- 
ing the suspended micro-organism In the ferment er. Providing suf- 
ficient substrate is supplied, the greater the residence time the 
greater will be the PHB content. To obtain the optimum carbon 

20 conversion at any desired PHB content, the amount of substrate 
employed should be kept to the minimum that is consistent with 
economic operation. In general it is desirable to have a slight 
excess of substrate so that there is a small concentration of 
residual substrate in the aqueous medium removed from the ferment er. 

25 While the micro-organisms may be capable of accumulating 

relatively high proportions of PHB, e.g. up to 75 - 8C96 by weigit 
based an the total weight of the cells, the resldenoe time to 
achieve such a high PHB content will generally be uneoonomically 
lengthy in a single stage continuous fermentation process. Hence 

30 in such a process it is preferred that the residence time is such 
that the PHB content is less than 10& f and in particular is be- 
tween 35 and 6596, by weight. 

The process is preferably operated so that the dry 
weight of the PHB-containing oells is at least 5 g per litre of 

35 aqueous medium. Hence if, for example, it is desired to produce 



0114086 



9 B 52563 

10 g Per litre of PHB-containing cells having a PHB content of 
40* by weight, the amount of the limiting nutrient must he that 
required to support the growth of 6 g per litre of KPCM thus, 
if nitrogen is employed as the growth limiting nutrient, since 
5 the nitrogen content of PHB free bacterial oells will generally 
he within the range 8 - 15% hy weight, the amount of assimilable 
nitrogen required would be between about 0.5 and 1 g per litre; 
the precise amount depending on inter alia, the -micro-organism 
employed* 

10 The fermentation may be conducted under the conditions 

e.g. pH, temperature, and degree of aeration (unless oxygen is 
utilised as the limiting nutrient) conventionally used for the 
micro-organism. Likewise the amounts of nutrient salts (other 
than the growth limiting nutrient whose amount may be determined 
15 following the- considerations outlined hereinbefore) employed may 
be those normally used for growth of the micro-organism. 

Where a two-stage fermentation process is employed, in 
the second stage the PHB content of the cells is preferably in- 
creased to between 50 and 80% by weight. 
20 !Ehe fresh substrate employed in the second stage may 

be the same as, or different to, that used in the first stage. 
In Bome cases the overall efficiency of the process may be in- 
creased by utilising in the first stage as the substrate a mix- 
ture of the recovered HPCtt, and a material such as a carbohydrate, 
25 that is fairly efficiently converted to cell material while in the 
second stage the substrate is a material, such as an organic acid 
or salt thereof, e.g. an acetate, which la converted efficiently 
to PHB but on which the micro-organism grows less efficiently. 
Uhere copolymers are required the second stage substrate should 
50 include that material that given rise to the copolymer units. 

After fermentation has preceded to the deBired extent, 
the PHB is extracted from the micro-organism cells. Preferably 
the aqueous oell suspension is first concentrated, e.g. by cen- 
trifugation. The separated aqueous medium may be re-used, e.g. 
35 recycled to the fermanter, after such sterilisation as may be 
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necessary, so that any residual substrate In the separated aqueous 
medium can be re-used and hence the overall carbon conversion 
improved. The FEB is then extracted from the cells in the con- 
centrated suspension, A variety of methods have been proposed, 
5 generally involving contact of the cells, in some oases after one 
or more pretreatment steps, such, as cell disruption, with a solvent 
in which the PHB is Boluble. Examples of solvents that have been 
proposed include pyridine (see US- A-30 3^959); methylene chloride/ 
ethane] mixtures (see TJS-A-5044942); chloroform (see US- A- 3275610); 
10 cyclic carbonates (see US-A- 41015 33) l and 1 ,2-dichloro ethane (see 
EP-A-14490 and 15123)-. 

One preferred extraction method comprises the following 

steps: 

(i) spray drying the concentrated suspension; 

15 (ii) extraction of lipids by contacting the dried cells, 

e.g. tinder reflur conditions, with a solvent such 
as methanol or acetone in which 'FEB is insoluble; 

(iii) separating, e.g. by filtration, the lipid-free cells 
from the lipid containing solution; 
20 (iv) extracting the PHB by contacting the lipid-free cells, 

e.g. under reflur conditions, with a solvent in which 
the PHB is soluble. 1 ,2-Diohloroethane and chloroform 
are particularly suitable solvents; 

(v) separating, e.g. by filtration, the solution of the PHB 
25 in the extraction solvent from the cell residue; 

(vi) precipitating the PHB from the solution by adding the 

latter to a licjuid, e.g. a methanol/water mixtures 
in which the PHB is not soluble; and 

(vii) separating the precipitated PHB therefrom, e.g. by 
30 filtration. 

Suoh a process is described in aforementioned 32P-A-15123* 

Other separation processes, fox example an enz-ymatic 
digestion process as described hereinbefore, may of course be 
employed. Where the KPCM is separated from the PHB after contact 
55 with a PHB- extraction solvent, as the latter are often toxic to 
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micro-organisms , it is generally necessary to remove, e.g. by 
washing or drying, any of the solvent that may be oooluded in 
the NPGM before re-use of the latter. Drying may simply be 
effected by heating the NPCM in a suitable oven* The residual 
5 solvent evolved may be recovered and used for extraction of FEB 
from a further quantity of cells. Alternatively, where the 
HPGM is bydrolysed before re-use, the residual solvent may, in 
some oases, be volatilised during the hydrolysis. 

Micro-organisms that may be used to produce PEB include: 
10 Nocardia, e.g. N. sal mord color , N. asteroides , N. opaoa, N. 

ooralliTia . H. rubra; 
Azotobacter, e.g. A. chroooocounu A. bei.1erinold.i t A. axilla . 

A. indicus ; 

Bacillus , e.g. B. megaterium . B. mrooides . B. subtills. B. 
15 cereus . B. aathracis; 

Miorooooous, e.g. M. halodenitxif icans « M. den1 trif loans s 
Bhizobium, e.g. Bh. leguminosarum . Bh. phaseoU . Hh. trifoll . 

Rh. lupini , Bh. Japonlcum * 
Bhodospirillum, e.g. R. rubrcmu B. fulrum : 
20 Me thy lob act erium , e.g. Me. organophllum such as the strains 
designated by NCIB Bo's 11482 - H488 inclusive 
and as described in BP-A-15669; 
Pseudomonas, e.g. P. rosea , P. sacoharoph-n a . P. AM. I4 
Hydxogenomonas , e.g. H. ruhlandii . H. autropha (otherwise known 
25 as Aloali genes eutropfaua) such as strain EL6 widely 

employed in academic? studies of this species, see e.g. 
X J. General Miorobiology (1979) 115, Pafiss 185 - 192, and 

which is available as AEPCC strain 17699, and mutants of 
strain HI 6 such as the glucose utilising mutants design 
30 nated by BCIB No's 11597 - 11600 Inclusive. 

IPC IB No. refers to the number designated to the strain 
deposited with the National Collection of Industrial Bacteria 
Torxy Research Station, Aberdeen, Scotland. 

ATCC No. refers to the number designated to the strain 
55 deposited with the American Type Culture Collection, 12301 Park 
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Lawn Drive, Eockville, Maryland 20852, USA. - 

The invention is illustrated "by the following Ebcample. 
EXAMPLE 

Aloaligenes eutrophus UCIB 11599 was aerobically cultivated 
5 on glucose as a carbon and energy source in an aqueous medium con- 
taining a restricted amount of assimilable nitrogen to produce a 
suspension of cells containing approximately 509(5 by weight of FEB 
homopolymer. The FEB was extracted from the cells by spray drying 
the suspension, refluxing the spray dried cells with chloroform, 

10 and filtering the cell residue from the solution of FEB in chloro- 
form. The FEB was precipitated from the filtered solution by adding 
the latter to a methanol / vat er mixture. 

She cell residue filtered from the solution was suspended 
in 6 N hydrochloric acid to give a suspension containing about 

15 200 g/l of cell residue. The suspension was then reflux ed for 24 
hours to hydrolyae the cell residue. The resulting mixture was 
neutralised to pE 7 with sodium hydroxide, allowed to cool, 
then filtered. The hydrolysate was diluted to 20 times its volume 
and analysed (aqueous medium A). 

20 100 Volumes of the diluted hydrolysate was sterilised by 

heating for 1 hour at 121°0 and then inoculated with 0.5 volume of 
an Alcaligenes eutrouhus NCXB 11599 culture of 10 s/l concentration. 
The mixture was cultivated aerobically at 34°C for 48 hours: the 
mixture then contained approximately 3 sA- °f mioro-organism oells. 

25 The cells were separated from the aqueous medium by 

centrifuging: the cells and residual aqueous medium (aqueous 
medium B) were analysed. 

The analyses are shown in the following Table. 
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Table 





Aqueous medium 


cells 






A fmcr/LOO ml ^ 


B ( me/lOO ml") 


"by weight) 




total organ! 0 carbon 




68 


46.3 




carbohydrate 


0-05 


0.05 


HM 




PHB 






appxox. 40 




4 




0.006 


HM 




aspartic acid 


29 


3 


4.0 




threonine 


15 


2 


2.2 




serine 


10 


3 


1.7 




glut ami 0 acid 


37 


7 


5.4 




proline 


12 




2.0 




glycine 


17 


* 

j 


2.4 




alanine 


33 


3 






valine 


20 


3 


2.8 




methionine 


6 


1 


1.1 




isoleucine 


13 


2 


1.9 




leuoine 


25 


2 


3.6 




tyrosine 


10 


2 


1.7 




phenylalanine 


14 


2 


2.0 




histidine 


6 


1 


1.0 




lysine 


15 


3 


2.9 




argenine 


1 20 


17 


3.9 




total QTninn acids 


282 


54 


36.4 




nucleic adds 


; 110 


49 


m 




total nitrogen 


m 


UK 


7.0 





HM » not measured. 

It is seen that about 8^6 by weight of the carbon in the 
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carbon in the hydrolyaate was utilised by the micro-organism. 
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1. A procese for the production of a ^hydroxybutyrate 

polymer having at least 40 mole % of ^hydroxybutyrate units 
±a the polymer chain comprising cultivating a micro-organism 
that is capable of accumulating said polymer in an aqueous medium 
on an assimilable carbon source, at least part of the cultivation 
being conducted under conditions that cause said micro-organism 
to accumulate said polymer within the micro-organism cells, and 
then separating said polymer accumulated in said micro-organism 
cells from the other cell material, characterised in that the 
carbon of at least part of said aaBimilable carbon source comprises 
carbon from cell material separated from the ^hydroxybutyrate 
polymer of ^bydroxybutyrate polymer-containing cells of said 
micro— organism. 

2. A process according to olaim 1 characterised in that 
said at least part of the assimilable carbon source comprises 
aolubilised cell material separated from the ^hydroxybutyrate 
polymer of jB-bydroxybutyrate polymer-oontaining cells of said 
micro— organism. 

3. A process according to claim 2 characterised by 
solubilising at least part of the cell material, other than said 
jB-hydroxybutyrate polymer, of said micro-organism cells produced 
in the cultivation step, and recycling said aolubilised cell 
material to the cultivation step as part of the assimilable carbon 
source used therein* 

4. A prooess according to olaim 2 or olaim 3 characterised 
in that said aolubilisation comprises treatment of the oell material 
with an. enz&m& composition. 

5. * A prooess according to olaim 4 characterised in that said 
aolubilisation comprises digesting said ^bydxoxybutyrate polymer- 
oontaining cells with a proteolytic enzyme composition and there- 
after separating the solubilised cell material from the ^hydroxy- 
butyrate polymer-containing residue. 

6. A process aocording to any one of claims 2 to 5 wherein 
said solubilisation comprises heating said cell material In an 
aqueous medium at 50 to 150 C. 
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7. A process according to any one of claims 1 to 6 wherein 
tlie cultivation of the micro-organism is conducted continuously. 

8. A process according to claim 7 wherein the micro-organism 
is first cultivated in an aqueous medium on an assimilable carbon 
source in a first vessel and then the aqueous medium cont aining the 
micro-organism cells is continuously or intermittently transferred 
to a second vessel wherein cultivation of said micro-organism on 

an assimilable carbon source is continued in the presence of such 
a restricted amount of a nutrient required for growth, but not 
polymer accumulation, that said polymer is accumulated by said 
micro-organism during the cultivation in said second vessel, 
characterised in that only the carbon of the assimilable carbon 
source employed for the cultivation in said first vessel comprises 
the carbon derived from the cell material separated from the 
j^bydrozybiityrate polymer of £-hy drozyb u fcy rat e polymer— containing 
cells of said micro-organism. 
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